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Abstract 
Climate-related shifts in forest composition and chemistry will likely affect the quantity and quality of dissolved organic 
matter (DOM) entering inland waters, and consequently, carbon dioxide (CO2) evasion. We examined the photodegra-
dation of DOM derived from 2 common riparian plant species (Populus tremuloides and Salix alba) grown at ambient 
(360 ppm) and elevated (720 ppm) atmospheric CO2 concentrations. Rates and total photolytic CO2 production were 
determined for sterilized leachates ranging from 5 to 100 mg L−1 dissolved organic carbon (DOC). Based on multiple 
regression analysis, DOC concentration, followed by plant species, best predicted the rate and total flux of CO2. 
Photolytic CO2 production increased linearly with DOC concentration; however, the 5 mg L
−1 treatment had the 
greatest rate per unit carbon, suggesting a self-shading effect of increasing DOC. The atmospheric CO2 conditions 
under which the plants were grown had no statistically significant effect, despite observed differences in CO2 fluxes 
between ambient and elevated Populus leachates. Fluorescence data suggest differences in photolytic CO2 production 
among treatments are related to differences in plant chemistry within the humic fraction. Thus, the magnitude of the 
photolytic CO2 flux from fresh waters in the future will depend primarily on climate-related changes in the quantity of 
terrestrial DOM inputs and secondarily by DOM source. 
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Introduction
As atmospheric concentrations of greenhouse gases 
continue to rise (IPCC 2007), terrestrial vegetation is 
exhibiting complex changes in structural chemistry, 
shifting carbon to nitrogen ratios (C:N) with the increased 
production of carbohydrates and phenolic compounds 
(Strain and Bazaaz 1983, Tuchman et al. 2002, Wetzel and 
Tuchman 2005). On average, more dissolved organic 
matter (DOM) is released from individual plant species 
as well as whole ecosystems exposed to elevated 
atmospheric carbon dioxide (CO2) concentrations 
(Freeman et al. 2004, Wetzel and Tuchman 2005, Fenner 
et al. 2007, Siemens et al. 2012). Ultimately, these 
alterations in terrestrial plant chemistry affect the quality 
and quantity of DOM leached from leaf litter and exported 
to aquatic ecosystems. 
Terrestrially derived, or allochthonous, DOM is 
recognized as a central regulator of the physical, chemical, 
and biological properties of inland waters (Frimmel and 
Christman 1988, Salonen et al. 1992, Wetzel 2001), 
including the flux of greenhouse gases across the air–
water interface (del Giorgio et al. 1999, Sobek et al. 2005, 
Teodoru et al. 2009; Fig. 1). Here we investigated 
how elevated atmospheric CO2 alters the photolability of 
allocthonous DOM derived from leaf litter. 
Today most lakes, streams, and rivers release CO2 
back to the atmosphere (Tranvik et al. 2009). Microbial 
respiration fueled by allochthonous DOM is often cited as 
the primary mechanism (Cole et al. 1994, Lennon 2004, 
Sobek et al. 2005); however, photolytic degradation of 
allochthonous DOM by natural sunlight can also substan-
tially contribute to greenhouse gas evasion from inland 
waters (Bertilsson and Tranvik 2000, Soumis et al. 2007). 
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Studies regarding DOM photodegradation typically 
focus on its partial photolysis into smaller, more labile 
organic substrates and nutrients that promote microbial 
metabolism (Moran et al. 2000, Wetzel and Tuchman 
2005). Nevertheless, DOM photolyzed to greenhouse 
gases, such as CO2, carbon monoxide (CO), and methane 
(CH4), is equally important when evaluating the role of 
inland waters in the global carbon cycle. Photomineraliza-
tion to CO2 is approximately 15 times greater than CO or 
CH4 (Miller and Zepp 1995, Bertilsson and Tranvik 2000) 
and may occur at rates similar to biological respiration 
(Granéli et al. 1996, Soumis et al. 2007). 
Given the prevalence of allocthonous DOM in fresh 
waters, our goal was to investigate the effects of plant 
species, atmospheric CO2 concentration, and dissolved 
organic carbon (DOC) concentration on the amount and 
rate of CO2 produced through the photolysis of DOM 
derived from leaf litter. Specifically, we examined the 
photodegradation of plant leachate from senesced 
trembling aspen (Populus tremuloides) and white willow 
(Salix alba) leaves harvested from trees grown at ambient 
(360 ppm) and elevated (720 ppm) atmospheric CO2 con-
centrations. Rates and total photolytic production of CO2 
were measured for leachates diluted to a DOC concentra-
tion of 5, 25, 50, and 100 mg L−1 C. In addition, changes 
in DOM fluorescence were examined to evaluate which 
fractions of DOM contribute to dissolved inorganic carbon 
(DIC) production. 
We recognize that allocthonous DOM often undergoes 
several chemical changes as it flows from terrestrial to 
aquatic environments. Thus, our laboratory experiment 
using fresh plant leachate provides an approximation of 
changes in DOM photolability under future climate 
scenarios and may best reflect riparian leaf-derived DOM 
directly transported by air to fresh waters located in 
deciduous forests (Gaiseth and Hasler 1976).
Methods
Source of dissolved organic matter
Senesced leaves of trembling aspen (hereafter Populus) 
and white willow (hereafter Salix) are common riparian 
species in northern temperate regions of North America 
and consequently represent a substantial source of carbon 
and nutrients entering many lakes, rivers, and streams 
(Tuchman et al. 2002, Wetzel and Tuchman 2005, Rier et 
al. 2005). Clonal Populus and Salix trees were grown 
under both ambient (360 ppm, representative of concen-
trations at the time of these experiments in the early 
2000s) and elevated (720 ppm) atmospheric CO2 
conditions in open-topped chambers at the Michigan 
Biological Station located at 45°34″N, 84°40″W. Senesced 
leaves were harvested at the end of the growing season, 
dried, and stored in dark containers. Leaves were used in 
experiments within 1 year of collection. No visible 
physical degradation of the leaves and no discernable 
difference in DOC concentration leached from the leaves 
were observed over this time period (D.M. Leech, 
personal observation). 
DOM preparation
Approximately 5 g of senesced leaves were placed in 3 L 
of deionized water and allowed to leach for 24 h at room 
temperature in the dark. We chose 24 h as a standard 
leaching time across all treatments because most leachate 
lost from submerged whole leaves occurs within 24 h 
(Nykvist 1963, Webster and Benfield 1986). Immediately 
following the extraction period, the DOC concentration 
of the resulting leachate was measured on a Shimadzu 
TOC-500 analyzer, using high temperature catalytic 
oxidation. Leachates were diluted to 5, 25, 50, and 
100 mg L−1 C with deionized water, and the pH was 
raised from ~6.0–6.5 to 7 using 20–100 μL of 1M 
NaHCO3. These 4 concentrations were selected as a 
broad range of moderate to high DOC that would 
increase the attenuation of ultraviolet radiation and 
therefore decrease the amount of light available for pho-
Fig. 1. A conceptual figure of the interactions between elevated 
atmospheric CO2 and the photolytic production of CO2 from inland 
waters. Arrow thickness indicates the predicted importance of each 
pathway based on the results of the present study, with thick arrows 
having greater influence on photolytic production of CO2 than thin 
arrows.
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todegradation (Morris et al. 1995). In addition, this range 
encompasses DOC concentrations observed in natural 
water bodies. Each leachate was sterile-filtered through a 
0.22 μm filter in a sterile laminar flow hood (HEPA air 
filtration), and 450 mL aliquots were transferred into 2 
sterile 1 L quartz tubes (5 cm diameter, 33 cm length); 
one tube served as the light treatment and the other as the 
dark control. 
Experimental design and CO2 measurements
Four experiments were conducted, representing each plant 
species and CO2 treatment (i.e., ambient CO2 Populus, 
elevated CO2 Populus, ambient CO2 Salix, and elevated 
CO2 Salix). During each experiment, one quartz tube from 
each of the 4 DOC concentrations was placed in an Atlas 
Suntest XLS+ solar simulator, which simulates solar 
radiation within the ultraviolet and visible spectrum 
(290–720 nm; atlas-mts.com). Four additional tubes 
representing each DOC concentration were wrapped in 
aluminum foil and placed in a dark cabinet to serve as 
dark controls. All tubes were kept at 25 °C throughout 
the duration of the experiment. The leachate was exposed 
to simulated sunlight for 6 h at a constant intensity of 
650 W m−2, equaling a total dose of 14 031 kJ m−2. This 
represents one full, clear summer day at 36°N. 
CO2 accumulation in the headspace of the tubes in the 
light treatments and dark controls was measured every 2 h 
for a total of 6 h. Each tube was gently mixed by hand to 
allow the CO2 in the headspace to equilibrate with the 
aqueous leachate. Samples were then taken aseptically 
through a small, septumed port in the tubes with BD 
sterilized, disposable 1 mL syringes fitted with G22 × 1.5″ 
needles. To prevent gas loss, stoppers were placed at the 
end of the syringe needles following sample collection. 
Measurements of CO2 were conducted within 1 h of 
sampling on a Shimdazu gas chromatographer equipped 
with a Supelco 80/100 porapak Q column (6 ft × 1/8 in), a 
methanizer (500 °C), and a flame ionization detector. 
Oven temperature was set at 35 °C with a runtime of 7 
min. Preliminary experiments indicated no detectable loss 
of CO2 from the syringes within 1 h of sampling 
(unpublished data). 
Replicate measurements of CO2 standards taken 
throughout the course of the experiments indicated <2% 
error associated with instrument drift. Total DIC in the 
tubes (i.e., both the aqueous and gaseous phases) was 
calculated using Henry’s law and the following 
parameters: water temperature 25 °C, pH 7 (confirmed by 
final pH measurements at the end of the 6 h exposure 
to simulated solar radiation), gas occupied 24.5 L mol−1 
at 25 °C, kCO2 = 3.83 × 10
-2, kH2O = 0.0313, kHCO3 = 
1 × 10−6.53, and kCO3 = 0 (Stumm and Morgan 1996). 
Fluorescence measurements
To measure changes in fluorescence, 3 mm of leachate 
were aseptically removed from each tube at either bihourly 
intervals (Populus) or 3 h intervals (Salix). Samples were 
placed in a 1 cm cuvette in a Hitachi F-4500 fluorescence 
spectrophotometer. Scans were performed for excitation 
wavelengths 200–900 nm and emission wavelengths 
250–900 nm at 10 nm intervals with a 5 mm slit. The rate 
of scans was 1200 nm/min. A Milli-Q water blank was 
subtracted from each scan to remove Raman scattering. 
Scans were not corrected for inner filter effects due to a 
malfunction in our spectrophotometer at the time of these 
experiments (i.e., no specific absorptivity data available). 
We therefore only report data from the 5 and 25 mg L−1 C 
treatments and recognize that absolute peak fluorescence 
may be greater than reported. Measurable changes in fluo-
rescence with exposure to simulated sunlight were 
apparent despite the lack of inner filter correction. 
Dilutions of hemiquinine sulfate in 0.5 M H2SO4 were 
used to normalize the spectral data and as an external 
standard to monitor possible fluctuations in the instrument 
over the course of the study. Data are presented in quinine 
sulfate units (QSU), where 1 QSU equals 1 µg L−1 
hemiquinine sulfate in 0.5 M H2SO4. Characteristic fluo-
rescence peaks defined by Coble (1996) were identified, 
including UVC-excited humics (Peak A: Ex ≤ 260 nm, 
Em = 400–460 nm, where Ex is excitation and Em is 
emissions), UVA-excited humics (Peak C: Ex= 320– 
360 nm, Em = 420–460 nm), and tryptophan-like (Peak T: 
Ex = 220–240 nm, Em = 330–370 nm). The ratio of Peak 
T:Peak C was calculated to monitor relative changes in the 
protein-like (i.e., labile) versus humic-like (i.e., recalci-
trant) fractions of the plant leachates with exposure to 
simulated sunlight (Baker et al. 2008). 
Data analysis 
CO2 production in the dark controls ranged from 0 to 10% 
of that observed in the light treatments, except for the 
ambient 100 mg L−1 C Populus dark control, which was 
approximately 25% of the light treatment (unpublished 
data). To account for this CO2 produced by sources other 
than photolysis, we subtracted CO2 produced in the dark 
controls from the corresponding light treatment at each 
time point. Linear regressions were then performed to 
calculate the rate of CO2 production with exposure to 
simulated solar radiation for each light treatment. Multiple 
linear regression analysis was performed to determine 
the effect of DOC concentration, plant species, and 
atmospheric CO2 concentration on rates and total 
production of CO2. DOC was treated as a continuous 
variable while plant species (Populus, Salix) and 
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atmospheric CO2 concentration (ambient, elevated) were 
coded as categorical dummy variables. Fluorescence data 
were natural log transformed, and linear regressions were 
performed to determine the rate of photodegradation in 
the humic- and protein-like fluorescence peaks.
Results 
Total and rates of CO2 production
Results of the multiple linear regression analysis indicated 
that 3 predictors explained 91.5% of the variance (R2 = 
0.91, F(3,12) = 43.07, p < 0.0001) in total CO2 produced 
over the course of the 6 h exposure to simulated sunlight. 
DOC concentration best predicted the amount of CO2 
produced (β = 9.37, p < 0.0001), followed by plant species 
(β = −307.63, p < 0.0001). Despite the observation that 
ambient Populus leachates produced more CO2 than 
elevated leachates (Fig. 2), however, atmospheric CO2 
condition had no statistically significant effect on total 
CO2 production (β = −155.25, p = 0.11). 
The same pattern was true for the rates of CO2 
production, with the 3 predictors explaining 91.1% of 
the variance (R2 = 0.91, F(3,12) = 41.35, p < 0.0001). 
Again, DOC concentration (β = 1.51, p < 0.0001), 
followed by plant species (β = −45.63, p = 0.003), were 
the best predictors of the rate of CO2 production, while 
atmospheric CO2 condition had no statistically significant 
effect (β = −18.5, p = 0.23). Rates of CO2 production 
increased linearly with DOC concentration and were 
generally faster for the Populus leachate compared to the 
Salix leachate (Fig. 3). 
Although no significant effect of atmospheric CO2 
was detected, rates of CO2 production were greater for 
ambient Populus leachates compared to elevated, except 
at 100 mg L−1 DOC (Fig. 3). For Salix, rates of CO2 
production were similar for both the ambient and elevated 
atmospheric CO2 conditions with increasing DOC 
concentration (Fig. 3). 
Total DIC produced 
For both plant species, between 2 and 8% of the DOC was 
converted to DIC during the simulated 1 day exposure, 
ranging from ~200 to 3900 mg m−3 d−1 (Table 1). This was 
equivalent to <1–1.4 mg L−1 C for the 5 and 25 mg L−1 
leachates, 1–2 mg L−1 C for the 50 mg L−1 leachates, and 
2–4 mg L−1 C for the 100 mg L−1 leachates. Normalizing 
total CO2 production to DOC concentration shows that 
more CO2 per unit carbon was produced in the 5 mg L
−1 
DOC treatments compared to the 25, 50, and 100 mg L−1 
DOC treatments (Table 1). 
Fig. 2. CO2 production of Populus and Salix leachates derived from plants grown under ambient (360 ppm) and elevated (720 ppm) CO2 
conditions, over the course of a 6 h exposure to simulated solar radiation (i.e., equivalent to one clear, full summer day at 36°N). Leachates 
were diluted to DOC concentrations of 5, 25, 50, and 100 mg L−1 C. Gray lines represent linear regression used to calculate rates of CO2 
production.
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Fluorescence 
A distinct humic-like fluorescence peak was observed at 
an excitation between 300 and 340 nm and an emission 
between 400 and 420 nm (defined as Peak C by Coble 
1996) in the ambient and elevated Populus and Salix 
leachates, with Populus exhibiting ~2–6 times greater 
intensity, depending on the DOC concentration of the 
leachate (Table 2; Fig. 4A and 4B). Initial fluorescence 
intensity was greater for the ambient Populus leachate 
compared to the elevated (Table 2; Fig. 4A). For Salix, 
however, initial fluorescence intensity was similar for the 
ambient and elevated leachates at all DOC concentrations 
(Table 2; Fig. 4B). An exponential decrease in Peak C was 
observed with exposure to simulated sunlight, and the rate 
of decrease was negatively correlated with DOC concen-
tration (Table 2). Decreases in fluorescence were slightly 
greater for the ambient 5 and 25 mg L−1 C Populus and 
Salix leachates compared to the elevated. 
A second humic-like fluorescence peak of lesser 
intensity was observed at an excitation between 230 and 
240 nm and an emission between 400 and 420 nm in the 
Populus leachate (defined as Peak A by Coble 1996; 
Table 2; Fig. 4A). This peak also decreased with 
exposure to simulated sunlight, albeit at a slower rate 
than Peak C. In addition, a protein-like fluorescence 
peak was detected in both plant species at an excitation 
of 220–240 nm and an emission of 285–310 nm (defined 
as Peak T by Coble 1996; Fig. 4A and 4B); however, no 
clear changes in this peak were detected over the course 
Fig. 3. Rates of CO2 production plotted against DOC concentration. Rates were linearly correlated with DOC concentration. Closed squares 
and circles represent the ambient CO2 Populus and Salix leachate, respectively. Open squares and circles represent the elevated CO2 Populus 
and Salix leachate, respectively.
Table 1. Total DIC production, including both the aqueous and gaseous phases, for each plant leachate across the 4 DOC treatments. DIC 
production was also normalized to the DOC concentration of the plant leachate treatment to evaluate the amount of DIC produced per mg L−1 
DOC. 
DOC Concentration Total DIC Production (mg m−3 d−1) Normalized DIC Production
5 25 50 100 5 25 50 100
Populus Ambient 354 1338 2258 3933 71 53 45 39
              Elevated 222 835 1425 3376 44 33 29 34
Salix      Ambient 214 555 1285 2221 43 22 26 22
              Elevated 414 764 1027 1864 83 30 21 19
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of the exposure to simulated sunlight. In particular, 
there was no increase in fluorescence of the protein-like 
peaks with a decrease in the humic-like peaks. No 
appreciable change in fluorescence was observed in the 
dark controls for all 3 peaks across all treatments (data 
not shown).
As a consequence of the greater photodegradation of 
humic-like compared to protein-like DOM, the ratio of 
Peak T:Peak C increased with increasing exposure to 
simulated solar radiation (Fig. 5); however, the rate of 
increase and final Peak T:Peak C ratio was highest in the 
5 mg L−1 DOC treatment for both plant leachates (Fig. 5). 
In general, changes in the Peak T:Peak C ratios were 
greater in the ambient CO2 treatments compared to the 
elevated. Ratios in the dark controls remained relatively 
unchanged (Fig. 5). 
Fig. 4. Fluorescence matrices of (A) Populus and (B) Salix leachates diluted to a DOC concentration of 25 mg L−1 C. Fluorescence intensity, 
represented as QSUs, is shown for both ambient and elevated CO2 leachates before and after exposure to 6 h of simulated solar radiation.
A
B
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Discussion
The flux of DOM from terrestrial to aquatic environments 
will potentially increase with elevated atmospheric CO2 
(Freeman et al. 2004, Fenner et al. 2007, Hagedorn et al. 
2008) as well as with changes in soil chemistry (Monteith 
et al. 2007), potentially leading to increased DOC concen-
trations of inland waters. Here we observed a positive, 
linear relationship between DOC concentration and 
photolytic CO2 production over the course of a 6 h 
exposure to simulated sunlight (i.e., equivalent to one 
clear, full summer day at 36°N) for DOM derived from 
senesced Populus and Salix leaves. 
DOC concentration was the best predictor of 
Table 2. Peak fluorescence intensity (QSUs), of the humic-like peaks observed in the Populus and Salix leachates. Percent loss and rate of 
change during the 6 h exposure to simulated sunlight are also presented. R2 values represent the fit of linear regression lines to natural log 
transformed fluorescence data to determine decay rates. Peak A was not observed in the Salix treatments.
DOC 
Concen-
tration  
(mg L−1)
Leachate Humic-like Peak C
Ex 300–320 nm, Em 410–420 nm
Humic-like Peak A
Ex 240 nm, Em 410–420 nm
Initial 
Fmax 
(QSU)
Total % 
Loss 
Decay 
Rate 
(h−1)
R2 Initial 
Fmax 
(QSU)
Total % 
Loss 
Decay 
Rate 
(h−1)
R2
5 Populus Ambient 169 62 0.16 0.99  51 61 0.16 0.99
              Elevated  77 73 0.21 0.99  25 54 0.12 0.87
Salix      Ambient  26 71 0.21 0.85 NA NA NA NA
              Elevated  32 83 0.30 0.96 NA NA NA NA
25 Populus Ambient 525 13 0.02 0.60 205 52 0.13 0.97
              Elevated 360 52 0.12 0.98  66 45 0.10 0.91
Salix      Ambient 117 67 0.19 0.99 NA NA NA NA
              Elevated 128 68 0.19 0.99 NA NA NA NA
Fig. 5. Changes in the Peak T (Ex 220–240 nm, Em 330–350 nm) to Peak C (Ex 300–350 nm, Em 400–460 nm) ratio with exposure to 
simulated solar radiation. Data are normalized to the initial ratio at Time 0. Open symbols denote light treatments and closed symbols denote 
dark treatments. Dark treatments are not connected by lines to make them more visually distinct.
154
DOI: 10.5268/IW-4.2.626
Dina M. Leech et al.
© International Society of Limnology 2014
photolytic CO2 production compared to chemical 
differences in DOM associated with plant species and 
atmospheric CO2 condition. This suggests that, in addition 
to enhanced microbial respiration, photomineralization of 
DOM may explain the increased evasion of CO2 from 
moderate to high DOC systems, both in the present and 
future. We recognize that the 50 and 100 mg L−1 DOC 
treatments in the present study are much higher in DOC 
concentration than typical freshwater lakes and rivers (i.e., 
average 10–13 mg L−1; Wetzel 2001); however, they are 
commonly seen in other inland waters, such as shallow 
wetlands (Waiser and Robarts 2004).
Additionally, total DOM released from plants grown 
under elevated CO2 conditions is often greater than that 
released from plants grown under ambient CO2. In 
preparing leachates for the present study, we noticed a 
15% difference in the DOC concentration between the 
ambient and elevated Populus leachate and a 13% 
difference in the Salix leachate, with higher DOM released 
from the elevated leachates in both plant species. Similar 
results have been reported for Typha and Juncus leachates 
(Wetzel 2001, Wetzel and Tuchman 2005). Consequently, 
from a seasonal perspective, a particular rise in DOC con-
centration and related increase in CO2 supersaturation in 
fresh waters might occur in autumn with increased leaf 
litter on the forest floor combined with runoff from 
increased precipitation (Eimers et al. 2008, Raymond and 
Saiers 2010, Johnson et al. 2011) as well as increased 
airborne transport of leaves (Gasith and Hasler 1976).
Plant species was the second best predictor of CO2 
fluxes from our plant-derived DOM. In general, Populus 
leachates produced more CO2 at a faster rate than Salix 
leachates, suggesting that the DOM leached from Populus 
leaves was more photoreactive. Not only did the Populus 
leachate produce CO2 at a faster rate than Salix, the rate 
increased faster with increasing DOC concentration. 
Photolytic CO2 production from Populus leachate may 
therefore be more sensitive to DOC concentration, both 
under ambient and elevated CO2 conditions. Based on the 
fluorescence data, the 2 plant species differ in their 
structural chemistry, which may explain their differences 
in photolytic breakdown. 
Given that the protein-like peaks in both plant species 
did not change with exposure to simulated sunlight, DIC 
production from Populus and Salix DOM is likely derived 
from the photomineralization of humic substances, as 
reported by others (Granéli et al. 1996, Moran et al. 2000, 
Zhang et al. 2009, Franke et al. 2012). The UVA-excited 
humic peak (Peak C; Coble 1996) was the most prominent 
humic peak in both plant leachates, but its intensity was 
2–6 times greater for Populus-derived DOM, depending on 
the DOC concentration of the leachate. Unlike the protein-
like peaks, this peak was observed to exponentially degrade 
with exposure to simulated sunlight, resulting in an increase 
in the Peak T:Peak C ratio. Furthermore, the UVC-excited 
peak (Peak A; Coble 1996) was observed only in the 
Populus treatments. Consequently, the greater production 
of CO2 from Populus-derived DOM compared to Salix-de-
rived DOM may be related to an increased proportion of 
photosensitive chemical bonds because not all humics are 
equally chromophoric (Frimmel and Christman 1988). 
The atmospheric CO2 condition under which the plants 
were grown was not a significant predictor of the rate or 
total production of CO2 from the plant leachates, possibly 
due to a lack of adequate replication in our experiment or 
because one of our 2 plant species did not show a response 
to elevated atmospheric CO2. Although not significant 
based on multiple regression analysis, ambient Populus 
leachates often produced more CO2 and at a faster rate 
than elevated leachates while Salix ambient and elevated 
leachates produced CO2 at similar rates and concentra-
tions. This suggests that the impact of atmospheric CO2 
concentrations may differ by species. Furthermore, the 
greater production of CO2 from ambient over elevated 
plant leachates is in opposition to the results of previous 
studies (Wetzel 2001, Wetzel and Tuchman 2005). The 
mechanism explaining this difference is unclear. Here 
fluorescence scans of the Populus leachates indicated that 
the UVA-excited humic fraction of the ambient CO2 
leachates was generally greater than that of the elevated 
CO2 leachates, which again may explain the faster and 
greater production of CO2 over the course of the 
experiment. Interestingly, the initial intensity of the 
UVA-excited fluorescence peak was similar in the ambient 
and elevated Salix treatments, corroborating the similar 
rates and production of CO2. Inland waters with similar 
DOC concentrations may therefore differ in their potential 
for photolytic CO2 production based on the dominant 
plant species in the watershed, which influences the 
chemical complexity, and therefore photolability, of 
allochthonously derived DOM.
Rates of CO2 production fell within the range of 1.12 
to 2.89 ppm h−1; however, these values were lower than 
would be expected if rate increased proportionally with 
DOC concentration. This trend was replicated in the rate 
of decrease in the florescence data, which showed a slower 
decay rate with increasing DOC concentration, as well as 
the rate of increase in the Peak T:Peak C ratio, which 
showed a slower rate of increase with increasing DOC 
concentration. We attribute these patterns to increased 
light attenuation with increasing DOC concentration (self-
shading), particularly within the UV range (280–400 nm). 
Although we did not directly measure light attenuation 
through our leachates, it is widely accepted that the 
attenuation of ultraviolet, and to a lesser extent visible, 
radiation is positively correlated with DOC concentration 
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(Morris et al.1995, Wetzel 2001). Because the UV portion 
of the spectrum is primarily responsible for the photo-
chemical breakdown of chromophoric DOM (Frimmel 
and Christman 1988, Wetzel 2001), DOM photominerali-
zation will predominantly occur at the surface of moderate 
to high DOC systems (>5 mg L−1). In systems with low 
DOC concentration (<2 mg L−1), however, DOM photo-
mineralization will extend to deeper depths in the water 
column (Granéli et al. 1996). Light attenuation depths 
must therefore be considered when calculating total CO2 
produced by photomineralization. 
Total photolytic DIC production of the 5 and 
25 mg L−1 DOC treatments for both plant species ranged 
between 500 and 1300 mg m−3 d−1. In comparison, 
photolytic DIC production reported at the surface of 
alpine lakes (3.9–19.0 mg L−1 DOC) ranged between 86 
and 410 mg DIC m−3 d−1 (Granéli et al. 1996), and 160 and 
3700 mg DIC m−3 d−1 in 38 Swedish lakes (2.0–4.0 mg L−1 
DOC; Bertilsson and Tranvik 2000). 
Relatively high rates of DIC production in the present 
study are not unexpected given that epilimnetic waters 
have undergone substantial photooxidation compared to 
freshly prepared plant leachate in deionized water, as was 
used in this experiment. Similarly, hypolimnetic waters 
are often more easily photooxidized than epilimnetic 
waters (Salonen and Vähätalo 1994). Interestingly, rates 
of DOM photoxidation in this study and others are also 
greater than those reported for total planktonic community 
respiration (i.e., 101–274 mg m−3 d−1; Granéli et al. 1996), 
suggesting that photolytic production of CO2 may at times 
be greater than that produced biologically.
Note that our exposures lasted only 6 h in the solar 
simulator, which is equivalent to one full summer day. 
Thresholds in photolytic CO2 production may have been 
reached with additional exposure to light, as suggested by 
the tapering of CO2 production in the Salix treatments 
during the last hour of exposure. Farjalla et al. (2001) 
observed a decrease in DIC produced from Phragmites 
australis and Hydrocaris morsus-ranae leachates within 
48–120 h. Similarly, others have noted a reduction in 
photolytic CO2 production with increased age of the 
leachate (i.e., reduction in CO2 production for Typha 
leaves leached for 12 weeks vs. 24 h; Wetzel and Tuchman 
2005). 
In summary, we again acknowledge that the photolytic 
production of CO2 from fresh plant leachate is optimized 
relative to natural conditions where a mixture of DOM 
of various “ages” and sources dominates fresh waters, 
affecting photoreactivity. Additionally, DOM in fresh 
waters will be marked by constant interaction between 
microbial pathways of respiration (Bertilsson and Tranvik 
1998, del Giorgio et al. 1999, Farjalla et al. 2001) and 
inorganic pathways such as photooxidation (Bertilsson 
and Tranvik 2000, Wetzel 2001). Nonetheless, our results 
suggest the magnitude of the photolytic CO2 flux from 
fresh waters under elevated atmospheric CO2 conditions 
will depend primarily on the quantity of allochthonous 
DOM inputs, likely determined by the dominant plant 
species in the watershed and their associated chemical 
complexity. Yet, simultaneously, alterations in plant 
species composition and chemistry under elevated 
atmospheric CO2 may also provide a somewhat negative 
feedback loop, decreasing maximum rates and total 
photolytic CO2 production by reducing DOM photolabil-
ity. Further investigation is needed to understand the 
competing mechanisms of DOM quantity versus quality 
under elevated atmospheric CO2.
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